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CHAPTER 1 
INTRODUCTION 
lnsul in belongs to a group of chemical substances called hormones which 
alter the metabolic activity of certain body tissues. The tissues which respond to 
hormonal action are called target tissues or target organs for that particular hormone. 
Insulin appears to alter the metabolic activity of many tissues, but striated muscle 
and adipose tissues are probably the most significant target organs. Their sensitivity 
to small amounts of the hormone, the magnitude of their response to the hormone, and 
their relatively large mass compared to other body tissues makes for their prime 
importance. In essence, the insulin effect can be regarded as the result of the 
interaction of the hormone and its target tissues. The interaction itself could be 
affected not only by the availability and structure of the hormone, but also b9 the 
responsiveness of the tissues. The responsiveness of the tissues may depend upon 
their physiologic state,. In the normal organism, this ability to respond may vary, 
for example, in fed and fasted states. In addition, in the diabetic organism, a 
defective interaction of insulin and its target tissues is an, as yet, conjectural 
possibi I ity. 
The effects of insulin on muscle and adipose tissue has been studied by many 
investigators, and some of these effects form the basis for several currently-used 
insulin bioassays for estimation of insulin activity in synthetic and biological 
solutions. Various assay parameters which have been used include glucose uptake 
and glycogen synthesis by rat diaphragm, and glucose uptake and c 14o2 
production from labeled glucose by rat adipose tissue. Of great interest are 
the discrepancies in activity which have been observed between different assay 
tissues when insulin is measured in a given biological fluid. 
A. PURPOSE OF THE THESIS 
The purpose of this study is to compare both in vitro and in vivo the dif-
ferences in striated muscle and adipose tissue metabolism as influenced by insulin 
and insulin-[ ike serum factors. In order to learn more about the interaction of 
·. 
insulin with the tissues, the same mefabolic index is employed for both tissues. 
In vitro the increase in glucose uptake over the base line is compared in rat hemi-
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diaphragm and epididymal adipose tissues of the same animal. In vivo the comparisons 
studied include the incorporation of'c14 from injected u-c14-glucose into glycogen 
of striated muscle and into glycogen and fatty acid of adipose tissue. Of particular 
interest is the comparison between intraperitoneal and intravenous injection of insulin. 
B. HISTORICAL ASPECTS 
Ever since Banting and Best in 1922 (2) repbi;ted on a pan~reatic extract capable 
of lowering blood glucose and alleviating the condition of pancreatectomized dogs, 
the physiologic role of insulin and its action upon various tissues of the body has been 
investigated. The tissues most extensively studied include striated muscle and adipose 
I 
tissue. 
Already prior to the discovery of insulin, Knowlton & Starling in 1912 (11) 
performed experiments with isola!ed perfused hearts from normal and diabetic dogs. 
0 
0 
0 
The hearts excised from diabetic dogs consumed less glucose from the perfusing 
medium than did normal hearts. A few years later in 1916 (6), Clark reported 
that connection of a perfused pancreas into the perfusing circuit increased the rate 
of glucose uptake by the heart. Soon after the discovery of insulin, the isolated 
perfused heart preparation was to become one of the first systems to demonstrate 
an insulin effect in vitro. Thus, Hepburn and Latchford in 1922 (9) observed a 
considerable increase in glucose uptake by the isolated perfused rabbit heart. The 
significance of these early experiments has been further increased by the passing of 
3 
time since the primary insulin effect still appears to be that of accelerating glucose 
utilization by certain tissues, probably by facilitating the carbohydrate entry into cells. 
In 1940 Gemmill (7) clearly proved that insulin accelerates glucose uptake 
a·nd glycogen synthesis in isolated rat diaphragm. Shaw & Stadie (25) presented 
evidence in 1959 that increased glucose utilization by muscle in the presence of 
insulin leads primarily to increased glycogen synthesis. It has been suggested that 
insulin specificrilly facilitates a metabolic pathway leading to glycogen formation 
in rat diaphragm. In support of this view Norman, et al. in 1959 (17) submitted 
evidence that acceleration of glucose uptake accomplished by raising the concen-
tration of extracellular glucose resulted in a much smaller increase in glycogen 
synthes!s>than a similar acceleration of glucose entry stimulated by insulin. This view was 
also supported by Larner, et al. in 1959 (14) who showed that glycogen synthesis was 
not increased by raising glucose from 140 to 200 milligrams per cent even though 
glucose uptake was increased. These authors also were able to show that there was 
no elevation of gl ucose-1-phosphate in the muscle when hexose-6-phosphate was 
increased in the presence of insulin. 
0 
0 
These findings suggested insulin stimulation of glycogen synthesis in muscle; 
a different route of glycogen formation rather than via phosphorylase was proposed. 
This view was further supported by the findings of Villar-Palasi and Lerner 
who in 1960 (32) demonstrated an increase in UDPG transglucosylase after addition 
of insulin to diaphragm in vitro. This specific enzyme is concerned with formation 
of glycogen via Uridine diphosphate glucose in liver and muscle. 
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A very important concept of insulin tissue interaction1 namely insulin binding 
to the responsive tissue1 was demonstrated in vitro by Stadie1 et al. in 1953 (28). 
Hemidiaphragms dipped into solutions with varying insulin concentrations for 10 
seconds retained insulin effect after many washings in insulin free buffer. When 
transferred to a glucose containing medium1 the diaphragm which had previously 
been exposed to insulin had a higher glucose uptake than its control--the hemidia-
phragm that had not been treated with insulin. Another aspect of insulin interaction--
association of the insulin molecule with a small molecule of basic protein of blood1 
was suggested by Antoniades in 1958 (1). 
A strong insulin stimulation of the glycogen synthesis in rat diaphragm 
without stimulation of the glycogen synthesis in rat epididymal adipose tissue in vivo 
was observed by Rafaelsen in 1961 (18). Insulin was injected intraperitoneally and 
the glycogen content measured by the glucose oxidase method after acid hydrolysis 
in tissues excised two and a half hours later. 101 000!J units of insulin injected 
intraperitoneally increased the glycogen content of rat diaphragm 200 to 300 per cent 
without changing the blood glucose level or the glycogen content of extraperitoneal 
muscle tissues1 as thigh muscle and heart muscle. These findings were explained as 
0 
0 
0 
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a result of binding of insulin to diaphragm1 so that the effect was localized in spite of 
being obtained in vivo. 
Adipose tissue was for many years regarded as an inert fat storage space in 
the body while lipogenesis was thought to take place mainly in the I iver. This 
concept1 however1 was questioned by several investigators as lipogenesis from 
glucose was shown to occur in hepatectomized as well as in normal animals. · 
Even though some metabolic studies on isolated adipose tissue were per-
formed as early as 19351 it was the work of the lpst fifteen years that assigned to 
adipose tissue its proper metabolic role. This work has changed its role from that 
of an inert storage space to an extremely active metabolic site concerned with 
S}'tlthesis1 storage1 oxidation 1 and the release of body fats. The metabolic activity 
of this tissue. was found to be insulin-responsive. It was shown by Tuerkisher1 et al. 
in 1942 (.31) and later by Renold 1 et al. in 1950 (21} to respond to insulin by 
increased glucose uptake and by increased glycogen synthesis in vivo. 
The first direct evidence of the ability of adipose tissue to synthesize fatty 
acids was provided by Wertheimer and Shapiro in 1948 (24). They demonstrated the 
incorporation of deuterium into the fatty acids of adipose tissue incubated in serum 
cbntaining deuterium oxide. 
In 1950 Renold 1 et al. (21) reported increased glycogen deposition in in vivo 
experiments with normal and with diabetic rats. Insulin was injected into the fat 
pads of one. side of the groin and saline as a control into the fat pads of the other 
side of the groin of the same animal. This experiment suggested a direct local 
action of insulin upon this tissue. Increased glucose uptake of isolated adipose tissue 
in response to insulin in vitro was first demonstrated by Krahl in 1951 (12). In-
creased glucose uptake and glycogen synthesis in brown adipose tissue was 
observed in vitro by Sidman in 1956 (26). 
Soon, the use of c 14 labeled compounds allowed for more sensitive and 
more quantitative estimation of the insulin effects. Winegrad, et al. in 1958 (34) 
incubating rat epididymal fat pads with U-C 14 -.glucose in the presence of insulin 
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observed increased incorporation of glucose carbon into ether-soluble lipids. Later, 
they demonstrated, by using glucose-1-C 14 and glucose-6-C14 that insulin stimulates 
lipogenesis from either carbon-! or carbon-6 to the same extent, but that more 
carbon-6 than carbon-] is recovered in fatty acids with or without insulin. This 
suggested two different metabolic pathways to fatty acid synthesis in this tissue: 
one by which both carbon-] and carbon-6 entered the fatty acids equally, and 
another by which the carbon-] was lost. The observation that insulin stimulates 
both pathways equally is suggestive of the facilitation of glucose entry into the 
cells. 
In support of this view Cahill, et al. in 1959 (4) reported a tenfold increase 
in fatty acid synthesis and twentyfold increase in glycogen systhesis in isolated 
adipose tissue. Using glucose-6-c14 Jeanrenaud, et al. in 1959 (10) were able to 
demonstrate that both these insulin effects on isolated adipose tissue could be 
duplicated by sufficiently increasing the glucose concentration. Thus the insulin 
effects in this tissue were shown to be brought about by increasing the availability 
of intracellular glucose which, in the form of glucose-6-phosphate, is the metabolic 
precursor for both the glycolytic and the phosphogluconate-oxidative pathways e~shuntlt). 
, 
The phospho-gluconate-oxidative pathway is thought to provide reduced 
triphosphopyridine nucleotide (reduced TPN) for the synthesis of fatty acids. 
It has been suggested that insulin thus increases the rate of TPN reduction and 
fatty acid synthesis. 
From the above discussion it can be seen that the insulin effects in muscle 
and adipose tissue include increased glucose uptake, increased glycogen synthesis, 
and, in addition, increased fatty acid S}'tlthesis from glucose in adipose tissue. On 
the basis of these findings several insulin bioassays have been developed using 
glucose uptake, glycogen synthesis and fatty acid synthesis as indices for insulin_ 
activity. Several of these bioassays were modified and employed in the work to be 
presented. 
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CHAPTER II 
MATERIALS AND METHODS 
The experiments performed consisted of an in vitro and in vivo comparison 
of the action of insulin upon striated muscle and adipose tissue of the rat. 
A. IN VITRO EXPERIMENTS 
A modified method of glucose uptake for diaphragm and epididymal adipose 
tissue was used to compare the responsiveness of the two tissues to insulin and to 
insulin-like serum factors. Although in these experiments the expression •rgJucose 
uptake" was used, what was measured, in fact, was the disappearance of glucose 
from the incubation medi urn. 
Animals. 130-gram ·M.listar strain male rdts obtained from Albino Farms 
or from Harvard Biological Laboratories were used. The rats, in groups of 8, were 
fasted overnight before each experiment. 
Krebs-Ringer-bicarbonate buffer freshly prepared every week and supple-
mented with glucose (250 milligrams per 100 ml) each experiment day was used as 
the control base line medium and as a diluent for insulin and serum. 
Glucose was obtained from the Natior:tal Bureau of Standards. 
Preparation of fnsulin Standard Solutions. The insulin used was purified, 
beef, glucagon-rtfree 11 crystalline zinc insulin, five times recrystallized, treated 
with trypsin, containing 26.6 units per milligram. (Made available through the 
courtesy of Dr. W. R. Kirtley of the Lilly Research Laboratories) A concentrated 
insulin standard solution was prepared once a month by dissolving 10 mg of the 
crystalline material in 10 ml of distilled water, to which one drop of 1.0 N 
ijydrochloric acid was added. This concentrated solution, containing 26.6 Units 
of insulin per ml, was stored at 4°C. One ml of this solution, diluted weekly 
with distilled water to 26.6 ml, constitutes the working standard containing 1 Unit 
(1,000,000jJ units) of insulin per mi. This was also stored at 4°C. Each experiment 
day the working standard was diluted with Krebs-Ringer-bicarbonate buffer con-
taining glucose to the desired concentration. 
Preparation of Incubation Medium Containing Insulin. The working standard 
solution of insulin, containing 1,000, 000 jJ units per ml, was diluted in serial 1:10 
dilutions with the Krebs-Ringer-bicarbonate buffer containing glucose, using I ml 
of the insulin solution and 9 ml of the buffer. 
An insulin solution containing 500jJ units per ml was obtained by diluting 
9 
the I,OOO!J units per ml solution 1:1 with the buffer. The insulin concentrations used for 
the in vitro experiments were I,OOO!J units per ml and 500!J units per mi. 
Preparation of Serum for Incubation Medium. The categories of serum samples 
used were: serum from normal subjects, pre-diabetic subjects, and juvenile diabetic 
patients. Individuals were classified as pre-diabetic when both parents were diabetic. 
The juvenile diabetic patients were so classified if the subject became cliabetic 
under the age of 30 and required insulin for survival as demonstrated by the tendency 
to keto-acidosis. 
The method of preparation of the serum for the experiment was the same in 
all cases. A 15 ml blood sample was drawn from the patients• vein, allowed to clot 
0 
0 
0 
in a centrifuge tube at room temperature for one hour and then placed in the cold 
room until clot retraction occurred. ·The blood was centrifuged at 2,000 r.p.m. for 
15 minutes at 4°C. in a cooled centrifuge. Serum was separated for assay either on 
the same day or stored frozen at -20°C. A small aliquot of the serum was reserved 
for glucose determination by Somogyi-Nelson method. For the assay r serum diluted 
1:4 with Krebs-Ringer-bicarbonate buffer containing glucose was employed. 
The glucose concentration of the diluting buffer was adjusted according to 
the glucose level of the serum in order to have a final glucose conre'mtration in the 
incubation medium of 250 rng per 100 mi. If the glucose level of the serum was 
10 
below the desired 250 mg per cent, glucose was added to the diluting medium to 
compensate for it. If, however, the glucose concentration of the serum was above the 
250 mg per cent, the diluting medium was prepared with correspondingly less glucose. 
The Bioassay Procedure Based on Glucose Uptake. Eight fasted 130-gram 
Wistar strain male rats were stunned by a blow to the head and quickly decapitated. 
Their diaphragms and epididymal adipose tissues were immediately excised and weighed 
on a torsion balance, the weights of both the hemidiaphragm and the epididymal 
adipose tissue samples ranging between 75 and 100 milligrams. From each animal r 
one hemidiaphragm and one segment of epididymal adipose tissue from one side were 
placed in separate 25 ml Erlenmyer flasks containing one ml of Krebs-Ringer-bicarbonate 
buffer at a glucose concentration of 250 mg per cent. These tissue samples served as 
controls or base line for the same tissues from the opposite side of the animal which 
were incubated with either insulin in buffer or with serum diluted 1:4 with the buffer. 
Each animal thus served as its own control in each series of experiments. In every 
experiment1 two control flasks without tissue1 one containing buffer medium1 
another containing medium with insulin or diluted serum1 were also prepared 
and incubated. The flasks were stoppered with serological sleeve-type rubber 
stoppers through which two #21 hypodermic needles were inserted. One of the 
needles was connected to a manifold through which 95 per cent oxygen and 5 
per cent carbon dioxide was introduced 1 the other served as an outlet. The flasks 
were equilibrated with the gas mixture for three minutes1 after which time the 
needles were withdrawn1 leaving the system air-tight. The flasks were then 
incubated for 2 hours at 37°C. at 72 cycles per minute in a Dubnoff metabolic 
shaking incubator. At the end of two hours the flasks were removed from the 
incubator and the glucose concentration of the medium was determined accoJtHng 
to Nelson (16) with Somogyi's procedure for protein precipitation .(27) Results 
were expressed as glucose uptake in mg per gram wet tissue and from this the 
increase of glucose uptake in mg per gram wet tissue and the increase of per cent 
glucose uptake over the base line activity was calculated. 
In several experiments, the optical density was determined in both a 
Beckman DU spectrophotometer and a Klett colorimeter. Since both instruments 
gave identical results1 the less time-consuming determination of optical density 
in the Klett colorimeter was used. 
Statistical analysis was carried out according to the following procedure: 
n= number of events (number of animals) 
~=difference between glucose uptake in mg/Gram wetwt. of insulin 
side and control or base I i ne side 
S. E. = standard error 
11 
S.E. = 
t =mean of.x 
S.E. 
n(n-1) 
P, the probability for the result to occur by chance, was obtained from 
statistical tables according to t value corresponding to n - 1 
B. IN VIVO EXPERIMENTS 
In the subsequent experiments, rats were injected with insulin and 
U-C 14 -glucose. The incorporation of C 14 -glucose into glycogen of various 
tissues and into fatty acids from adipose tissue was determined and compared. 
Animals and Tissues. The animals used were 150-gram Wistar strain male 
rats obtained from Albino Farms or from the Harvard Biological Laboratories. 
Animals of the same weight were used throughout the experiments, since preliminary 
-experiments indicated that variation in animal weight causes fluctuation in experi-
mental results. The rats used were either fed ad I ibitum on Purina laboratory chow 
or fasted for 18 or 72 hours. 
During the experiments, the rats were anesthetized by the administration 
of a mixture of 50 per cent carbon dioxide and 50 per cent oxygen. This anesthesia 
was used because it is extremely rapid and has no influence on blood glucose 
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values (19),. Rats were anesthetized for the first time 18 hours prior to the experiment' 
and the following scrotal operation was performed: The testes of the animals were 
displaced into the peritoneal cavity and the conne~tion between the peritoneal and 
the scrotal cavity ligated to prevent their return into the scrotum. This procedure 
ensured exposure of the epididymal fat pads to the subsequent (next day) intra-
peritoneally injected insulin. To maintain the same experimental conditions, the 
scrotal operation was also performed before the intravenous insulin injection 
experiments. COj02 anesthesia was also used on the day of the experiment 
whenever insulin or labeled glucose was injected intravenously. For the intra-
peritoneal injections, however, it was essential to use non-anesthetized animals, 
since in the anesthetized condition the animals have no muscular tone and this 
appeared to contribute to the incidence of intestinal perforation, as a result of 
which, injection of material into the gut rather than into peritoneal cavity 
occurred. Two hours after the insulin injection the animals were anesthetized 
for the last time when the tissue samples were excised and weighed. The weights 
of the tissues ranged from 50 to 300 milligrams. 
The tissues studied in all experiments were diaphragm and epididymal 
adipose tissue. Other tissues examined included trapezius muscle, heart muscle, 
subscapular brown adipose tissue, subcutaneous adipose tissue, mesenteric adipose 
tissue, hind limb adductor muscle and liver. For all the tissues studied, samples 
were obtained in duplicate from each animal. 
Preparation of Stock u-c14-Giucose. The U-c14-glucose was obtained 
from New England Nuclear Corporation 300 l.l curies at a time. The specific 
activity was 2.286 millicuries per millimole. A stock solution of 20 l.l curies per ml 
was prepared by dissolving the 300 fJ curies in 15 ml of 0.9 per cent sodium chloride 
solution and subsequently stored frozen in a deep freeze at -20°C. The amount 
13 
injected was always 2 jJ curies per rat. This represents less than 1 jJ mole (0.18 mg)· 
and may then be considered a tracer dose. 
14 
Preparation of Insulin and U-C -Glucose for lnj~ction. In most of the 
in vivo experiments 10,000 jJ units of insulin were used per rat. In some of the 
intraperitoneal insulin injection experiments, 1, 000 jJ units and 100 jJ units per rat 
were administered. Since the volume injected intraperitoneally was one ml per 
rat, serial 1:10 dilutions were prepared from the working standard (1 unit of insulin 
per ml or 1,000, 000 jJ units per ml) to a desired concentration per 1 mi. lnsul in 
standard solutions were prepared.as described for in vitro experiments above, 
substituting the Krebs-Ringer-bicarbonate buffer with 0. 9 per cent sodium chloride 
solution. For all the intravenous experiments 0.2 ml containing 10,000 jJ units was 
injected per rat,therefore an insulin concentration of 50,000 jJ units per ml was 
required. This was obtained by diluting the 100,000 jJ units per ml insulin solution 
1:1 with 0. 9 per cent sodium chloride solution or with a solution of labeled glucose 
as the case may be. 
freparation of lnsul in and U-C 14 -Giu~ose Solutions for Intraperitoneal 
Injection. Control solution: U-c14-Giucose. A stock solution of U-c14-glucose 
(20jJ curies per ml) was diluted 1:10 with 0.9 per cent sodium chloride solution and 
administered in this concentration. 
14 
Test solution: Insulin with U-c14-Giucose. The required amounts of 
insulin and u-c14-Giucose for the intraperitoneal injection were obtained each day 
by simultaneous 1:10 dilution of the 100, OOOjJ units per ml insulin solution and of 
the 20jJ curies per ml U-c14-glucose solution with 0.9 per cent sodium chloride 
solution. 
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Occasionally, instead of insulin solution, normal serum was used. In this 
case, the control was the same but for the test solution the 201-1 curies per ml labeled 
gl,ucose solution was diluted 1:10 with serum. 
Preparation of Insulin and Labeled Glucose Solution for Intravenous Injection. 
14 
Control Solution: U-C -Glucose. The stock labeled glucose solution containing 
201-1 curies per ml was diluted 1:1 with 0. 9 per cent sodium chloride solution to be 
administered intravenously in this concentration. 
Test solution: Insulin together with u-c14-Giucose. For the intravenous administration 
of insulin and U-c14-glucose, the 100,0001-1 units per ml insulin solution was diluted 
1:1 with the 20iJ curies per ml u-c14-glucose solution and injected in this 
concentration. 
Meth<:>d of Administration of Insulin an·d Labeled Glucose. In most experiments 
insulin and U-C 14-glucose were injected intraperitoneally at the same time. 
However, in some experiments the u-c14-Giucose was injected intravenously 
simultaneously with insulin intraperitoneally. In some experiments the glucose was 
injected intravenously and insulin intraperitoneally at the same time or one hour 
prior to glucose injection. In all these cases the volume injected intraperitoneally 
was always 1 ml and the volume injected intravenously was always 0.2 mi. A summary 
of the procedures may be found in Table 1. The radio-isotope analysis was carried 
out in a proportional flow counter and the results expressed as counts per minute 
per tqtal glycogen or fatty acid per gram of wet tissue. 
0 
0 
0 
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Methods Based on the Incorporation of c14 from u-c14-Giucose into 
Glycogen and Fatty Acids of Various Tissues of the Rat. Eighteen hours before the 
experiment1 the desired number of 150-gram Wistar strain male rats were anesthetized 
and the scrotal operation performed as previously described. The animals were dis-
tributed into groups1 using 5 to 6 rats in each group. One group1 the control group1 
injected either intraperitoneally or intravenously with 2fJ curies of u-c14-glucose 
per rat served as a control for the group of equal number of animals injected by the 
same route with the same volume of insulin solution or serum containing 21-1 curies of 
labeled glucose. 
Two hours after the injection of insulin and U-C 14 -glucose1 the animals 
were anesthetized and tissue samples in duplicate rapidly excised. They were 
immediately weighed on a torsion balance and1 with exception of the epididymal 
and subcytan.eous adipose tissue 1 placed into 0.5 ml hot 30 per cent KOH in thick-
walled pyrex centrifuge tubes in a boiling water bath. The tissues were digested 
for 10 minutes with constant stirring. To each tube of"cooled alkaline tissue 
"hydrolysate 0.2 ml of 2 per cent sodium sulfate was added prior to addition of 1 .6 
ml of absolute ethyl alcohol. After each addition the mixture was stirred very 
thoroughly with glass rods. For separation of the glycogen precipitate the mixture 
was allowed to stand in the deep freeze for at least one hour (can be left overnight). 
Glycogen was then sedimented by spinning at 2000 r.p.m. for 10 minutes and the 
supernatant was discarded. The sediment was washed 1 stirring thoroughly 1 with 
2 ml of 66 per cent ethyl alcohol 1 centrifuged again for 10 minutes1 and the wash 
decanted and drained off by inverting the tubes in a polyethylene lined test tube 
rack placed on thick tissue in a stainless steel tray. The glycogen precipitate 
in each tube was dissolved in two drops of water, stirred very carefully and 
transferred quantitatively with Pasteur capillary pipettes to previously weighed 
planchettes. Each tube was rinsed twice with two drops of water which were added 
to the corresponding planchette. The planchettes were allowed to dry at room 
temperature, weighed and counted in a proportional flow counter. The corrected 
total CO!Jnts were divided by the weight of the tissue in milligrams and multiplied 
by 1000 to express the results as counts per minute per gram wet weight. For the 
sake of simplicity the precipitate was called 11glycogen 11 even though it probably 
contained other substances such as mucopolysaccharides. 
In one experiment, the precipitates were isolated as osazones. The counts 
obtained in the osazones isolated were 5 to 10 times lower than in the crude pre-
cipitates, but the raticsbetween counts in control and insulin-treated samples were 
very similar to those of the crude precipitate. 
The epididymal and subcutaneous adipose tissue samples, after weighing, 
were placed into 20 ml of 2:1 chloroform-methanol mixture in 50 ml test tubes 
with tefloo-1 ined screw caps for I ipid extraction. After four hours of shaking, the 
fat-free tissue residues were placed in thick-walled pyrex centrifuge tubes, 
allowed to dry at room temperature, digested in .5 ml of hot 30 per cent KOH 
and processed: glycogen precipitation, planchetting, and counting as previously 
described. 
The chloroform-methanol was evaporated and the remaining I ipid assayed 
for incorporation of C 14 from labeled glucose into the fatty acid, according to 
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the technique described by Renold and Winegrad (33). 
Reagents:· 
I. Petroleum-ether (boiling point 30-60°) 
2. 0.5 N KOH in absolute alcohol (kept in freezer) 
3. Acetone-petroleum ether mixture (1:1) 
4. Concentrated HCI 
Procedure: 
The chloroform-methanol extract was evaporated down with air 
or nitrogen in a 60°C. water bath. To this 2 ml of 0.5 N alcoholic 
KOH was added6 the tubes covered with marbles, and the contents 
saponified in 60 to 70°C. water bath for 60 minutes. To each tube 2 
ml of water was added and the saponified digest extracted twice with 
5 ml of petroleum ether discarding the ether layer. After acidification 
to pH 1 with concentrated HCI (2-3 drops) the hydrolysate was again 
extracted three times with petroleum ether (using 5 ml each time) and the 
extracts combined into 30 ml test tubes. The extracts were washed 
with distilled water and evaporated with air or nitrogen stream i~ 38°C. 
water bath. The residue was dissolved in 5 ml absolute ethanol, evaporated 
to dryness in a boiling water bath, redissolved in 5 ml of acetone-
petroleum-ether mixture, and transferred to pre-weighed beakers rinsing 
the tubes twice with acetone-petroleum ether mixtore (2 ml and 1 ml 
respectively). The beakers were evaporated to dryness on a steam bath, 
weighed, and their fatty acid content transferred to pre-weighed 
planchettes. The planchettes were weighed and counted. (The amount 
of radioactive label incorporated into fatty acid was expressed as counts 
per minute per gram wet weight adipose tissue.) 
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Statistical analysis of incorporation of C into glycogen and fatty acids 
was carried out according to the t test for unpaired experiments. The procedure 
was similar to that described on page 12 which was used for paired experiments. 
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CHAPTER Ill 
EXPERIMENTAL RESULTS 
A. INCREASE OF GLUCOSE UPTAKE OVER BASE LINE MEASURED 
BY RAT HEMIDIAPHRAGM AND EPIDIDYMAL ADIPOSE TISSUE IN VITRO 
The desirability of comparing the action of insulin and insulin-like serum 
substances upon rat diaphragm and epididymal adipose tissue originated from the 
work of Steinke, Taylor and Renold in 1960 (30). These investigators compared 
insulin-like action of serum from severely ketotic juvenile diabetic patients 
(characterized by absolute insulin deficiency) and normal subjects on rat diaphragm 
and epididymal adipose tissue. As an index of insulin-like activity, they used the 
glucose uptake by rat diaphragm on the one hand, and the oxidation of Glucose-1-C 14 
to c14o2 by rat adipose tissue on the other. In the diaphragm, the juvenile 
diabetic serum produced less glucose uptake than normal serum. In adipose tissue, 
however, the response to the juvenile diabetic serum was greater than to the 
normal serum. This finding indjcated not only the presence of insulin-like activity 
in the juvenile diabetic serum, but also a different responsiveness of the two tissues 
to the same material. The question arose: Is this difference due to the preference 
of either tissue for a certain form of insulin, or is it due to the fact that different 
metabolic indices had been employed? To answer this question, the problem was 
reinvestigated, using the same metabolic index for both tissues. 
In an attempt to gain some information of how these tissues respond to the 
same insulin preparation, experiments were carried out using beef crystalline Zinc 
insulin. The hemidiaphragm and the epididymal fat pad from one side of each rat 
were incubated with identical insulin concentrations, while the contralateral 
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tissues incubated with Krebs-Ringer-bicarbonate buffer served as control (base line). 
Both incubation media contained the same glucose concentration (250 mg per 100 ml). 
The procedure as described in materials and methods is a modified glucose uptake 
method in which the glucose uptake over the base line is compared in experimental 
and control tissues. 
Response to Beef Crystalline Zinc Insulin. Incubation with insulin concen-
tration of 1000 1-1 units per ml produced a significant effect in both tissues as seen 
in Table 2. The amount of 500 1-1 units per ml, however, caused no significant 
glucose uptake increase in these experiments in the diaphragm, while it did in 
epididymal adipose tissue. If the glucose uptake increase over the base line is 
compared, it shows (Table II) that the response is doubled in both tissues with a 
doubled dose of insulin. It also shows greater response in adipose tissue than in 
diaphragm for both insulin doses. 
If the per cent glucose uptake increase over the base line is compared, 
the dose response in diaphragm still shows the same relationship, while in the 
adipose tissue it is reversed (greater for 5001-1 units). However, this is primarily 
the result of low base line values in the epididymal adipose tissue of this group 
of animals. In all the experiments performed the base line glucose uptake of the 
diaphragm was much higher (4 to 5 mg per gram wet tissue per 2 hours incubation) 
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than that of the epididymal adipose tissue. An extremely low base line, where 
the glucose uptake approaches zero, was observed often for the adipose tissue. 
Thus the per cent glucose uptake increase over the base line stimulated by the 
same amount of insulin was always greater in the epididymal adipose tissue than 
in the diaphragm. Results (Table II) indicate that per cent glucose uptake over 
the base line is not a true representative of the insulin response and therefore 
cannot be used as a basis for comparison between the two tissues. On the other hand, 
the glucose uptake increase over the base line exhibits an insulin dose response in 
both tissues and is a better basis for the comparison. 
From these experiments, it can be concluded that even though both tissues 
respond to insulin, the epididymal adipose tissue is sensitive to a lower insulin dose. 
0 Response to Insulin-Like Serum Factors. To investigate the initial problem 
further, six normal, six pre-diabetic, and six juvenile diabetic human sera in 1:4 
dilution were assayed in the same manner in 8 rats each. Comparing the glucose 
uptake increase over the base line, the response to all three serum categori·es was 
similar in both tissues, except for the slightly higher value for diaphragm from the 
normal serum (Tables Ill 1 IV,, and V, and Fig. I, 2, and 3). If the per cent 
glucose uptake over the base line was compared, the response in the diaphragm 
exhibited the same pattern. The response in the adipose tissue1 however1 showed 
a different pattern. The lowest mean response in this case was from the normal 
serum1 next higher from the pre-diabetic serum1 and the highest from the juvenile 
diabetic serum. Although this corresponds to the trend observed by Steinke, et al. 
0 ( (30}i it cannot be accepted under these conditions1 since it is not statistically 
significant. As discussed before, the per cent increase over the base line is not 
a suitable index for comparison because of the extremely low base line in the 
adipose tissue . 
From these experiments, it became evident that the response to normal, 
pre-diabetic, and diabetic human sera under these conditions was not considerably 
different, as far as the incr.ease of glucose uptake over the base line was concerned, 
and that the increase of per cent glucose uptake over the base line, for reasons 
discussed, was not a suitable index for comparison. Thus to p~:.~rsue this study 
further, using the same method, seemed unrewarding, and of little significance. 
At this time in 1961, Rafaelsen (18) reported localized intraperitoneal effect of 
insulin, without its generalized effect. He, however, observed an increase in 
glycogen synthesis in rat diaphragm but no increase in epididymal adipose tissue 
as measured by the glucose oxidase method of the hydrolysed glycogen after intra-
peritoneal injection of small amounts of insulin (1'0,0001-1 units and less per rat). 
Here again, the two tissues seemed to respond differently; was this difference the 
result of selective lqcal action of insulin upon different tissues in vivo, or was it 
because the change could not be detected by the glycogen determination method? 
In an attempt to answer these questions, the decision was made to investigate the 
response of the two tissues to the local administration of insulin in vivo, using 
U-C 14 -glucose to increase the pretended sensitivity and accuracy of the method. 
The method also offered the possibil.ity of comparing glycogen and fatty acid 
synthesis in adipose tissue und~r different conditions. 
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B. INCORPORATION OF c 14 OF U-c14-GLUCOSE INTO 
GLYCOGEN OF MUSCLE AND ADIPOSE TISSUE AS WELL AS INTO ADIPOSE 
TISSUE FATTY ACID FROM FED AND FASTED RATS IN VIVO 
For these experiments rats in groups of 5 or 6 were injected with different 
amounts of insulin and 2jJ curies of uniformly labeled glucose by different routes. 
In each instance a group of equal number of rats injected only with labeled glucose 
by the same route served as control. No matter what the route, the amount of 
radioactivity in all experiments performed was always 2jl curies per rat. The effect 
of JO,OOO!J units of insulin injected intraperitoneally together with u-c14-glucose 
in fed and fasted rats is summarized in Table VI. This table clearly shows a very 
pronounced insulin effect on c 14 incorporation into glycogen of both the diaphragm 
and the epididymal adipose tissue of fed and fasted animals, and into epididymal 
adipose tissue fatty acids as well. The increased incorporation of the radioactive 
label in response to insulin is seen in diaphragm, epididymal, and mesenteric 
adipose tissue. Other muscle and adipose tissue samples outside the peritoneal 
cavity such as trapezius muscle, hind limb adductor muscle, heart muscle, sub-
cutaneous, and subscapular adipose tissue show no increase in response to intra-
peritoneally administered insul im. Thus an insulin effect is seen upon both tissues 
muscle and adipose tissue, but with this dose, the effect is I imited to the tissues 
I ining the peritoneal cavity only. 
Effect of Fasting. Another observation illustrated by these experiments is 
that the insulin effect on diaphragm appears greater in fasted than in fed rats, 
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while the opposite is true for the epididymal adipose tissue in regard to incorporation 
of C 14 both into glycogen and into fatty acid. 
In order to compare the responsiveness of the tissues to decreasing intra-
peritoneal doses of insulin in fed and fasted animals, experiments were also performed 
administering 1, 000 and 1001-1 units per rat. The results summarized in Tables VII 
and VIII show decreasing insulin effect with decreasing .insulin dose. In the 
epididymal adipose tissue, with these lower insulin doses1 the effect is seen with 
certainty only in fed animals. The trend in diaphragm toward more incorporation of 
label in fasted than in fed animals 1 continues to be true under these conditions. 
The localized nature of the intraperitoneal insulin effects continues to be evident. 
A graphic illustration of these results with varying doses of insulin in fasted rats, is 
shown in Figure 5. The foregoing experiments allow for the following conclusions: 
I. Insulin in small doses acts on both muscle and adipose tissue. 
2. Intraperitoneally injected insulin in the small doses used exerts 
only local effects. 
3. In diaphragm, the insulin response tends to be greater in fasted rats1 
while in epididymal adipose tissue the response is greater in fed rats. 
The next group of experiments was designed to demonstrate the effect of 
different intervals of fasting on the interaction of insulin with tissues. Rats fed ad 
libitum and fasted for 18 and 72 hours were injected with 101 0001-1 units of insulin 
intraperitoneally. The results from these experiments are presented in Figure 6, 
together with a summary of the fed and 18 hours fasting experiments with smaller 
insulin doses. From the bottom set of colunt.ls in this figure 1 it can again be seen 
that the insulin 'effect in the diaphragm tended to be lower in the fed anitnals than 
in the 18 and 72 hours fasted. On the contrary, in epididymal adipqse tissue, the 
insulin effect was greater in the fed animals and tapered off as the fasting period 
was increased. The localized nature of the insulin effect also persisted with 
prolonged fasting. 
The next group of experiments performed in 18-hour fast.ed rats was designed 
to demonstrate the duration of the effect of intraperitoneally injected insulin. For 
this, rats were injected with 10,0001-1 units of insulin intraperitoneally and tissue 
samples excised from rats sacrificed at 30, 90, and 150 minutes after insulin 
injection. The results (Figure 7) showed increased insulin response with increased 
time intervals in both tissues. This suggested prolOnged insulin binding to the 
tissues. Almost immediate insulin binding by rat diaphragm which lasted for several 
hours was demonstrated in vitro by Stadie, et al., in 1952 (29). The gradual in-
crease of the insulin effect in these in vivo experiments is probably a consequence 
of muscle contraction and active utilization of the intracellular metabolic pool. 
Since nearly all the labeled glucose is likely to have disappeared from the blood 
stream during the first hour, a decreased rate of incorporation of c14 into glycogen 
and fatty·acid is to be anticipated after this time unless the radioactive carbon from 
labeled intermediates continued to be available for further glycogen synthesis. 
As mentioned before, the incorporation of c14 in the epididymal adipose 
tissue has been investigated with regard to both the incorporation into glycogen and 
into fatty acids. Figure 8 shows the remarkable parallel ism which exists between 
the insulin effect on the incorporation of radioactive label into glycogen and that 
on incorporation of label into fatty acid of the epididymal fat after intraperitoneal 
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in fed and fasted animals. 
Since in all the foregoing experiments1 the intraperitoneally injected 
insulin exhibited only local effects1 tlie question arose as to whether this effect 
would be maintained if the labeled glucose were injected intravenously. In other 
words, was the effect selective to the route of glucose administration, rather than, 
as assumed in one interpretation1 to the route of insulin administration? To inv,esti-
gate this possibility1 fed and fasted rats were injected with insulin (101 0001J units 
per rat) intraperitoneally while the u-c14-glucose was given intravenously at the 
same time. The results obtained (Table IX and Figure 9) are very similar to those 
(Table VI and Figure 6) obtained when both the insulin and labeled glucose were 
injected intraperitoneally. As in the previous e<periments, insulin exhibited only 
local effects which seemed to be accelerated in the diaphragm in fasted rats and 
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in epididymal adipose tissue in fed rats. Thus, the route of administration of U-C 14-
glucose did not change either the localized insulin effect or the characteristic 
pattern of insulin response of the two tissues in the fed and fasted states. 
For comparison1 it seemed important to know which tissues would respond 
to the dose of lO,OOO!J units insulin injected intravenously simultaneously with 
u-c14-glucose. The results obtained in fed and fasted rats are summarized in 
Table X and Figure 10. In this case1 a moderate insulin effect could be seen in 
diaphragm and heart muscle in fasted rats, in heart muscle and subscapular brown 
adipose tissue in fed rats, and no effect in epididymal and subcutaneous adipose 
tissue in either fed or fasted rats. The liver showed decreased incorporation of 
0 
0 
0 
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into glycogen of the insulin-injected rats as compqred with the control group. 
Thus, insulin injected intravenously showed more widespread effects, and probably 
preference for striated muscle and adipose tissue, with greater preference for 
actively contracting muscles as diaphragm and heart muscle over the less active 
thigh muscle and trapezius muscle. AI though these effects w~re more widespread, 
they were quantitatively much smaller than those of the same insulin dose on 
intraperitoneal tissues after its intrap'eritone·al administration. 
The next experiments were planned to .see whether the insulin stimulation of 
incorporation of c
14 
into glycogen and fatty acid was still present if the labeled 
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glucose was injected intra~enously one hour after intraperitoneal injection of insulin. 
The results in Table XI show that the local effect of intraperitoneally injected 
insulin persisted even when followed by intravenous injection of labeled glucose 
one hour later, suggesting evidence of insulin btimding and/or of local insulin 
effectiveness for at least one hour. The small bot significant effect on the trapezius 
muscle in this experiment remains unexplained and requires further work to establish 
its true significance. 
Normal Serum with Added u-c14 -Glucose Injected lntraperitoneally. The 
effect of normal serum on the incprporation of c14 from labeled glucose into 
glycogen of the diaphragm and edididymal adipose tissue and into fatty acid from 
epididymal adipose tissue was studied by injecting a group of fed rats intraperi-
toneally with 1 ml of normal serum containing 21-1 curies of U-c14-glucose, and 
the control group with labeled glucose alone. In addition, to provide a standard 
curve, 3 gr0ups of 5 rats ·each were simultaneously injected with insulin intra-
peritoneally in doses of 10,000, 1 ,000, and 1001-1 units per rat, respectively. 
The response to these injections in rat diaphragm and epididymal adipose 
tissue is see;nl in Table XII. A decreasing insulin response with decreasing insulin 
dose was observed in both tissues. The response to serum fell betw~en the response 
from 1,000 and 1001-1 units of insulin in both tissues. The same was true for the 
serum stimulation of incorporation of c14 into the fatty acid of epidic;lymal adipose 
tissue. 
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CHAPTER IV 
DISCUSSION 
A. SUITABILITY OF MUSCLE AND FAT TISSUE~ FOR INSULIN BIOASSAY 
Striated muscle and adipose tissue are very insulin-sensitive. Because of 
this and because of their convenient structure and location, rat diaphragm and 
epididymal adipose tissue are wic;lely used for several insulin bioassays (Randle (20); 
Beigelman (3); Martin (15); Renold (23a) ). Using increase of glucose uptake 
over the base line in rat diaphragm and epididymal adipose tissue, the responsiveness 
to insulin and insulin-like serum factors of these tissues was compared in the~ 
vitro part of this work. 
As mentioned before, Steinke, et al. (30) compared the response of these 
tissues to normal serum and to severely ketotic juvenile diabetic serum using glucose 
uptake by rat diaphragm and oxidation of glucose-l-c14 to c 14o2 by rat epididymal 
adipose tissue as metabolic indices. Their findings showed that the diaphragm 
exhibits less glucose uptake increase in the presence of juvenile diabetic serum 
tha.n in the presence of normal serum; the adipose tissue, however, responds more 
to juvenile diabetic serum than to normal serum. When the same metabolic index 
for both tissues was used in this work (increase of glucose uptake over the base line) 
and three serum categories-- normal, pre-diabetic, and juvenile diabetic serums 
were compared, the response from all three cate.gories was practically the same in 
both tissues, except for the slightly higher value for diaphragm stimulated by the 
normal serum (Tab I es iII, IV, and V, and Figures 1, 2, and 3). The pattern of 
the mean response was the same as that observed by Steinke et al. (3'0) but none of 
the differences between the serum categories was statistically significant. This 
discrepancy between the results of Steinke, et al. (30) and those reported here 
may be due to the fact that different metabolic indices were employed as a basis 
for comparison. 
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For comparison of the action of various serum categories on the rat diaphragm 
and epididymal adipose tissue, only fasted animals were emp~oyed in the present 
study. As indicated by the in vivo experiments, these conditions probably favored 
the diaphragm, since adipose tissue was much less active in the fasting state. 
Steinke, et al.used fasted rats for the glucose uptake by rat diaphragm and fed 
rats for the glucose-1-c14 oxidation to c 14o2 method. Thus, according to the 
in vivo observation, both tissues were in their most responsive state in the experi-
ments of Steinke, et al. This mqy also account for the discrepancy in the resLits. 
An attempt has been made to compare the per cent glucose uptake increase 
over the base line stimulated by insulin or serum. In all experiments performed, the 
glucose uptake of the control tissues (tissues incubated with buffer containing 
glucose) was much higher in the diaphragm (approximately 4 to 5 mg per gram wet 
weight) than in the epididymal adipose tissue (approximately 1). The base line 
glucose uptake in the case of the adipose tissue very often was below 1 and even 
approached 0. This varied with the size of the animal and season of the year. 
With the extremely low base line, the per cent glucose uptake increase over the 
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base Jl!!e turned out to be enormously high for adipose tissue; with a zero base line 
-
it would be infinity. Because of this, it is not a reliable parameter of the insulin 
effect, and therefore is not a suitable index for comparison between the tissues: 
Incubation with crystalline zinc beef insulin in doses of 1,000 and 500!J 
units per ml shows (Table II) that the epididymal adipose tissue in this case seems 
to be more sensitive than the diaphragm. Both tissues produce significant response 
to 1 ,OOO!J units per ml insulin dose. But the response to 500f-t units per ml dose is 
significant only in the epididymal .adipose tissue. 
Thus, it would seem that the epididymal adipose tissue is more responsive 
to beef insulin. From the in vivo part of this work, it can be seen that the 
0 
diaphragm is just as responsive, if not more so, than the adipose tissue. Therefore, 
both these tissues can be considered suitable for insulin bioassays. It is likely that 
the lesser responsiveness of the diaphragm in the in.vitro studies is the result of the 
much greater tissue trauma required during its removal from the animal. 
B. LOCAL ACTION OF INSULIN AFTER INTRAPERITONEAL INJECTION 
A very distinct local action of insulin in adipose tissue was observed by 
Renold, et al. in 1950 (21). When the groin fat pa;l' was injected with 5 to 8 
units of insulin, it produced a definite increase in glycogen deposition as com-
·pared with the fat pad from the contralateral side of the same animal injected 
with saline. These authors were able to demonstrate increased glycogen deposition 
at the site of a single insulin injection in the groin fat pa~, and a hypertrophy of 
fatty tissue at the site of repeated injections. 
Rafaelsen in 1961 (18}" reported increased glycogen synthesis in rat 
diaphragm after intraperitoneal injection of 10,000jl units of insulin, and 
explained the fact by insulin binding to tissues. With this insulin dose and 
analyzing the hydrolysed glycogen with the glucose oxidase method, he was 
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not able to show any increase in glycogen synthesis in the epididymal adipose tissue. 
Using a more sensitive method with U-c14-glucose, the work reported here has 
demonstrated an insulin effect in both diaphragm and epididymal adipose tissue. 
Insulin injected intraperitoneally in small doses (10,000, 1,000, and 100jl units 
per rat) preduced only a local effect. The incorporation of c 14 from labeled 
glucose into glycogen in muscle and adipose tissue and into fatty acid in adipose 
tissue was limited to tissues lining the peritoneal cavity. Insulin stimulation was 
observed in diaphragm, epididymal and mesenteric fat. No insulin stimulation 
was observed in tissues outside the peritonE?al cavity such as: heart muscle, 
trapezius muscle, hind limb adductor muscle, subcutaneous and subscapular 
adipose tissue. The local insulin effect persisted in fed and fasted animals and 
with the labeled glucose injected intravenously. These observations indicate 
that insulin acts locally at the site, of injection and support the view of insulin 
binding to its responsive tissues (29). 
lnsul in binding to the target tissues was also indicated in experiments 
where rats were injected with IO,OOOjl units of insulin and 2jl curies of labeled 
glucose intraperitoneally and the tissue samples excised from rats sacrificed at 
30, 90, and 150 minutes after injection. Increased insulin response with increased 
time in both tissues was observed. This gradual increase suggested prolonged 
action of the bound insulin on physiologically active tissues. Similarly, the 
persistence of an insulin effect when U-c14-glucose was injected one hour after 
the intraperitoneal administration of insulin indicated the continuation of insulin 
binding or insulin effectiveness over at least a period of 60 minutes. The almost 
immediate insulin binding demonstrated in vitro by Stadie in 1952 (29) which 
lasted for several hours, was observed with excised non-contracting diaphragm 
muscle. In vivo, the diaphragm is actively contracting and performing work. 
Even though the labeled glucose is known to disappear from the blood stream in 
one hour (it is taken up by the tissues), the gradual increase of incorporation of 
c
14 into the glycogen with increased time after injection may result from acti¥e 
33 
mobilization of the intracellular metabolic pool. When insulin together with the 
labeled glucose was injected intravenously, the insulin effect appeared in diaphragm 
from fasted rats, in heart muscle from fed and fasted rats, and in subscapular adipose 
tissue,from fed rats. There was, however, no effect in epididymal adipose tissue in 
fed or fasted rats or in physiologically less active muscles. This finding suggests; a 
competitive utilization of the injected beef insulin by various tissues, working 
muscle having the highest activity. It could also be explained by a competition for 
binding sites between tissues and the proteins in blood (Antoniades (1) ) . 
C. POSSIBLE PHYSIOLOGIC IMPLICATIONS OF THE DIFFERENCES IN THE 
RESPONSIVENESS OF STRIATED MUSCLE AND ADIPOSE TISSUE 
TO INSULIN OR INSULIN-LIKE SERUM FRACTIONS 
After intraperitoneal injection of insulin the most responsive tissues were 
diaphragm and epididymal adipose tissue. Their responsiveness, however, seemed 
to foil ow a disti net and opposed pattern. The diaphragm seemed most responsive 
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in fasted animals while the epididymal adipose tissue was most responsive in fed. 
The increased response in fasted diaphragm can be questioned on grounds of 
smaller endogenous glucose pool for dilution of the injected labeled glucose. 
In adipose; tissue the effect cannot be disputed since the pool size in the fed 
state would be expected to be larger. 
The following physiologic implications of the differences are suggested: 
Active muscle has a rich blood supply providing insulin tissue contact. The energy 
requirements of the active muscle necessitate greater metabolic activity. Muscle 
is a glucose utilizing tissue. In the fasted state, in an active muscle like diaphragm, 
the demand for glucose is likely to be great. Insulin may enhance selectively the 
response to this demand. In adipose tissue where glucose is converted to glycogen 
and fatty acid, insulin may act selectively in fed animals where there is need for 
fat storage after the requirements in the active muscle are met. 
The remarkable parallel ism between incorporation of C 14 into glycogen 
and fatty acid in epididymal adipose tissue suggests that the insulin effect is 
equally important in lipogenesis (Winegrad, et al., 1958 (35)) and in glycogen 
formation in this tissue. It seems that both processes are stimulated by insulin 
' J 
action in fed animals. The fact that both these metabolic processes in the 
epididymal adipose tissue are equally affected by the presence of insulin is 
suggestive of insulin acting on the process of glucose transport across the cell 
membrane, or immediately after the entry of glucose into the cell. 
D. THE IMPORTANCE OF THE TISSUE IN THE INTERACTION OF 
HORMONES AND TISSUES 
The action of insulin on its target tissue is dependent upon the responsiveness 
of the tissue. Diaphragm. and epididymal adipose ti·ssue are both very insulin 
responsive, yet their responsiveness in vivo is dependent on the state of the 
animal. Diaphrag_m seems more responsive in fasted and epididymal adipose 
tissue in fed animals. Whether this is the result of a differential binding of 
insulin to the two tissues or of a differential metabolic responsiveness of the 
tissues, is as yet unknown and cannot be established by the experiments presented 
here. Whatever the mechanism, however, it is evident that the insulin tissue 
association is biologically purposeful. The diaphragm in the fasted state is in 
great need for carbohydrate; insulin ucooperatesu and faci litotes carbohydrate 
utilization by the diaphragm. Adipose tissue in the fasted state is less likely to 
store glycogen and fat, and insulin is 11diverted 11 from it or 11 unable to actrr on it. 
In the fed state, the carbohydrate reserve may well go to adipose tissue to be 
stored. Insulin again facilitates this process. 
Another condition of selective responsiveness is that of physiologically 
active tissues in the case of intravenously injected insulin, when the apparently 
meaningful action of intravenously injected insulin on the physiologically active 
(i. e. working) tissues was seen. Diaphragm and heart muscle showed incr:eased 
incorporation of c14 into glycogen, while all the other muscle and fat tissues did 
not. Working muscle has a more efficient blood supply than resting muscle or 
adipose tissue. During activity, much more insulin can be delivered to it and 
establish contact with it. Thus, it is quite possible that the working muscles bind 
more insulin than resting muscles. This may explain why an insulin effect is 
lprimarily demonstrable in working muscles after intravenous injection of insulin. 
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The frequent observation of decreased incorporation of. c 14 into glycogen 
of I iver in presence of insulin1 indicates that as the specific activity of blood 
glucose is decreasing under these conditions 1 the injected hot glucose is shunted 
to the more insulin sensitive tissues such as the working muscle. It also may be 
an indication of accelerated incorporation of glucose by tissues associated with 
insulin. 
Only one normal serum sample was assayed in the in vivo technique 
described. The results ranged between 11 000and lOOJ-1 unit insulin standards1 
which is in good agreement with results obtained from the same serum with the 
in vitro insulin assay method of glucose-1-c14 oxidation to c 14o2 . Whether 
this in vivo method will prove to be successful in the determination of insulin-
like activity in biological solutions1 remains to be seehl from future work. 
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CHAPTER V 
SUMMARY 
The action of insulin upon striated muscle and adipose tissue was 
investigated with emphasis on the responsiveness of these tissues to insulin 
and insul in-1 ike serum factors in vitro and in vivo. 
In vitro experiments: The responsiveness of rat diaphragm and epididymal 
adipose tissue from the same animal was compared using increase in glucose 
uptake over the base I ine, as index of insulin activity. One hemidiaphragm and 
e one epididymal fat pad incubated with buffer containing glucose served as controls 
for the identical contralateral tissues, incubated with insulin or serum diluted 1:4 
containing equivalent amounts of glucose. The base line glucose uptake was 
always higher in the diaphragm than in the epididymal adipose tissue. In the 
epididymal adipose tissue, a significant response to insulin was produced, with 
a smaller insulin dose than in the diaphragm. Normal, pre-diabetic, and 
juvenile-diabetic sera under these conditions produced essentially the same 
response in diaphragm and in adipose tissue. 
In vivo experiments: The incorporation of d4 from u-c14-glucose into the 
glycogen from striated muscle and adipose tissue and into fatty acids from adipose 
tissue in response to injected insulin with labeled glucose was investigated. 
The results showed:. 
1. Insulin may be injected intraperitoneally at dose levels which are 
only effective locally as demonstrated by the significant increase 
of incorporation of c14 into the glycogen of diaphragm and 
epididymal adipose tissue and into fatty acids of epididymal 
adipose tissue and lack of response in the extraperitoneal muscle 
and adipose tissues such as: trapezius muscle, hind limb adductor 
muscle, heart muscle, and subcutaneous and subscapular adipose 
tissues. This local insulin effect, which suggested binding of 
insulin to its target tissues, was observed in fed and fasted rats, 
with prolonged fasting (72 hours), with labeled glucose injected 
intraperitoneally and intravenously simultaneously with, or one 
hour after, intraperitoneally injected insulin. 
2. The response to insulin appeared to be increased in diaphragm in 
fasted rats and in epididymal adipose tissue in fed rats. 
These results suggest that this in vivo preparation might be profitably; applied to 
a more complete review of the physiologic factors affecting the response of 
muscle and adipose tissue to hormones such as insulin. Also the 11 binding 11 
phenomenom of insulin to tissue might be explored in this manner. 
3. Rat diaphragm and epididymal adipose tissue both proved to be very 
insulin responsive tissues, although in the in vitroexperiments, the 
epididymal adipose tissue appeared to respond to a lower dose of 
insulin than the diaphragm, in the in vivo experiments however, 
the diaphragm appeared equally responsive, if not more so. Since 
the diaphragm contracts in vivo, but not in vitro, enhancement of 
insulin effectiveness by work of muscle appears likely in this instance. 
Both tissues diaphragm and epididymal adipose tissue therefore are 
very suitable for insulin bioassay. 
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Table I 
EXPERIMENTS PERFORMED WITH FED AND 18 HRS. FASTED RATS 
Insulin or Serum r4 U-C -Glucose 
Dose Route of Administration Volume Dose Route of Administration 
1 Or 000 Units/rat I. p. 1 ml 2~ curies/ I. Po 
rat 
1r 000 Units/rat I. p. II II loP. 
100 Units/rat I. p. II ll J[ I.P. 
1 Or 000 Units/rat I. p. II II I. V o 
. 
1 Or 000 Units/rat I. V. 0.2 ml II I. v. 
10r000 Units/rat I. p. 1 ml II II I. V. 
Normal Serum {90%) I. p. 1 ml II II I. p. 
The animals are sacrificed and the tissues excised 2 hours after insulin injection. 
0 
Time of Volume Administration 
- with Insulin 
-
I II 
-
I II 
0.2-ml 1 II 
-
I II 
0.2 mll60 min. after 
insulin 
- j with normal 
serum 
c;,.,. 
"()' 
v 
TABLE II 
INSULIN EFFECT ON GLUCOSE UPTAKE OF ISOLATED RAT DIAPHRAGM 
AND EPIDIDYMAL ADIPOSE TISSUE 
Diaphragm Epididymal Adipose Tissue 
Glucose Uptake .6 %Glucose Glucose Uptake A %Glucose 
Insulin mg/gr wet tissue Uptake Uptake p mg/gr wet tissue Uptake Uptake 
Concentration C t I Ins. Increase over Control Ins. Increase over on ro base line base I ine 
500f-1 U/ml 5.6 6:2 . 0.6 + .37 11 p < .2 0.1 1.7 1.6 + .21 1600 
- -
lOOOf-1 U/ml 6.4 7.8 1.4 + .49 22 p < .05 1.6 5.1 3.5 + .63 219 
0 
p 
p < .001 
P< .001 
,.J::..:. 
0· 
0 
Table Ill 
NORMAL SERUM 
Diaphragm 
Glucose Uptake b. %Glucose 
Patient mg/gr wet tissue Uptake Uptake 
p 
Control I Serum 1 :4 Increase over base I ine 
I 5.6 7.9 2.3+ .44 41 P( .01 
-
II 5.6 8.4 2.8 + .64 50 P< .01 
-
Ill 4.5 6.9 2.4 + .26 53 p <. 001 
-
IV 5.5 6.5 1.0 + .31 18 P< .02 
-
v 5.5 6.9 1.4 + .36 25 p < .01 
-
VI 6.2 7.9 1.7 + .31 27 p < .001 
-
Mean 5.5 7.4 1.9 35 
---------
'(> 
Epididymal Adipose Tissue 
Glucose Uptake A %Glucose 
mg/gr wet tissue Uptake Uptake 
Control Serum 1:4 Increase over base I ine 
0.7 2.7 2.0 + .35 286 
-
1.1 3.7 2.6 + .40 236 
-
0.5 1.2 0.7 + .17 140 
-
0.5 1.5 1.0 + . 19 200 
-
1.5 2.6 1.1 + .27 73 
-
0.3 0.7 0.4 + .14 133 
-
0.8 2.1 1.3 163 
--
0 
p 
p < .001 
p ( .001 
p < .01 
P< .01 
P< .01 
p = .02 
¢.:. 
""".::' 
() C) 
Table IV 
PRE-DIABETIC SERUM 
Diaphragm Epididymal Adipose Tissue 
Glucose Uptake 4 %Glucose Glucose Uptake A %Glucose 
Patient mg/gr wet tissue Uptake Uptake 
p mg/gr wet tissue Uptake Uptake p 
Control' Serum 1 :4 
Increase over Contro Serum 1 :4 Increase over 
base I ine base line 
5.5 6.9 1 .4 + .21 25 p·{ .001 0.8 2.9 2.1 + .24 263 p < .001 
-
II 5.3 7.1 1.8 + .40 53 p < .01 0.7 1.8 1.1 + .27 157 p ( .01 
-
Ill 5.3 6.6 1.3 + .30 25 p < .01 0.7 1.6 0.9 + .31 129 P( .02 
-
IV 5.5 6.7 1.2 + .24 22 p < .01 0.5 1.6 1. 1 + .22 220 p < .01 
v 4.8 6.1 1.3 + .26 27 p < .01 0.7 3.0 2.3 + .46 329 p ( .01 
-
VI 4.5 5.5 1.0 + .29 22 p < .01 0.3 1.8 1 .5 + .28 500 p < .01 
Mean 5.2 6.5 1.5 29 I 0.6 2.1 1.5 250 
~~ 
'M 
0 
Glucose Uptake Patient 
mg/gr wet tissue 
Control! Serum 1:4 
5o3 7o0 
II 5o8 7o0 
Ill 501 6o7 
IV 3o7 4o9 
v 5o8 6o3 
VI· 4o5 6o5 
Mean 5o0 6.4 
Table V 
JUVENILE DIABETIC SERUM 
Diaphragm Epididymal Adipose Tissue 
..0.. %Glucose Glucose Uptake A %Glucose Uptake Uptake . p mg/gr wet tissue Uptake Uptake p 
Increase over Control Serum 1 :4 Increase over base I ine base line 
1 o7 + o38 32 P< o01 Oo5 1.5 1.0 + o22 200 p < o01 
- -
1.2 + o45 21 P( o05 Oo5 2o1 1.6 + o34 320 p < o01 
- -
1.6 + o31 31 P< o01 0 01 2 01 2o1 + o43 2100 p < o01 
- -
1.2 + o26 32 p < o01 o06 1.6 1.5 + o38 2500 p < o01 
- -
o5 + o37 9 P< o2 Oo3 1.0 Oo7 + o21 233 p < oOl 
- -
2o0 + o26 44 p < o001 Oo7 2o3 1.6 + o19 229 p < o001 
- -
1.4 28 Oo3 1.8 1.4 467 
() 
~ 
c:.d 
0 .0 
Table VI 
C 14 IN GLYCOGEN OF MUSCLE, FAT AND LIVER SAMPLES 2 HOURS AFTER INTRAPERITONEAL INJECTION 
OF 10,000!JU OF INSULIN TOGETHER WITH.2!JC.OF U-c14-GLUCOSE TO 150 G. RATS 
c
14 IN FATTY ACID WAS DETERMINED IN SOME OF THE ADIPOSE TISSUE SAMP.LES 
Incorporation of C 14 into Glycogen 
Tissues 18 hours fasted rats 
Control I nsu I in 
--- -
Diaphragm 91 (14) 21,700*(18) 
Trapezius muscle -
Hind limb ad- 17 ductor muscle ( 6) 
Heart muscle 100 ( 14) 
Epididymal 
adipose tissue 68 ( 8) 
Subcutaneous 
adipose tissue 
Mesenteric 
adipose tissue 
20 ( 6) 
160 ( 18) 
590**~ (12) 
Fed rats 
Control I nsu I in 
------~--------
770 (14) 10,800~(2o) 
100 ( 8) 80 (12) 
140 ( 8) 280 (12) 
59 (14) 3,660*(18) 
8 ( 8) 16 ( 12) 
150 ( 8) 1,890*(~5) 
Subscapular 62 66 50 100 
adipose tissue (14) (18) ( 8) ( 12) 
Liver 830 ( 8) 1,040 (12) 250 (14) 210 (24) 
***P less than .001 **P less than -:-or- *-P = .05 
(Figures in parentheses indicate number of tissue samples.) 
Incorporation of c 14 into Fatty Acids 
18 hours fasted rats Fed rats 
Control I nsu I in Control Insulin 
--
47 ( 8) 900* (12) 160 (14) 1600*(18) 
- - 45 ( 8) 20 (12) 
~ 
C) 
Table VII 
c
14 IN GLYCOGEN OF MUSCLE1 FAT AND LIVER SAMPLES 2 HOURS AFTER INTRAPERITONEAL INJECTION 
OF 11 000JlU OF INSULIN TOGETHER WITH 2!-IC OF U-c
14
-GLUCOSE TO 150 G. RATS 
c
14 IN FATTY ACID WAS DETERMINED IN SOME OF THE ADIPOSE TISSUE SAMPLES 
Incorporation of c 14 into Glycogen Incorporation of c1 4 into Fatty Acids 
Tissues 18 hours fasted rats Fed rats 18 hours fasted rats Fed rats 
Control Insulin Control lnsul'in Control Insulin Control Insulin 
- ·-- -
Diaphragm 140 ( 8) 151 500*ta) 250( 6) 21 840(*8) 
Trapezius. I 52 ( 8) 31 ( 8) 64(6) 1 00( 8) 
muscle 
Heart muscle 87 ( 8) 57 ( 8) 320( 5) 340( 8) 
Epididymal 
33 ( 8) 65 ( 8) 43( 6) 280(. 8) 80 ( 8) 100 ( 8) 13 ( 6) 150*< 8) adipose tissue 
Subscapular 
61 ( 8) 56 ( 8) 66( 6) 44( 8) adipose tissue 
Liver 280 ( 8) 250 ( 8) 11 060( 6) 570( 8) 
*P= .05-
**P less than .01 
***P I ess than . 001 
(Figures in parentheses indicate number of tissue samples) 
0 
~ 
(j 
Table VIII 
c
14 IN GLYCOGEN OF MUSCLE, FAT AND LIVER SAMPLES 2 HOURS AFTER INTRAPERITONEAL INJECTION 
OF lOOIJU OF INSULIN TOGETHER WITH 2IJC OF U-c14-GLUCOSE TO 150 G. RATS 
c
14 IN FATTY ACID WAS DETERMINED IN SOME OF THE ADIPOSE TISSUE SAMPLES 
() 
Incorporation of c 14 into Glycogen Incorporation of c 14 into Fatty Acids 
Tissues 18 hours fasted rats 
Control 
Diaphragm 170 (6) 
Trapezius muscle 870 (8) 
Heart muscle 580 (6) 
Epididymal 
100 (8) Adipose tissue 
Subscapular 
120 (8) Adipose tissue 
Liver ~60 (8) 
--
*P- .o-5 
**P less than .01 
***P less than .001 
I nsu I in 
2,750~(.12) 
120*t1~) 
280\10) 
110 (12) 
110 (12) 
290~(12) 
------
Fed rats 
Control Insulin 
410 (8) 2,400~(.1o) 
60 (8) 270~(10) 
240 (8) 300 (1 0) 
20 (8) 120~( 8) 
50 (8) 60 (1 0) 
190 (8) 320 (1 0) 
-------
(Figures in parentheses indicate number of tissue samples) 
18 hours fasted rats Fed rats 
Control Insulin Control I nsu I in 
- - - -
- - - -
- - - -
0 0 26(8) 240*** (8) 
- - - -
- - - -
--------
~­()-.. 
ct ~ 
Table IX 
c14 IN GLYCOGEN OF MUSCLE, FAT AND LIVER SAMPLES 2 HOURS AFTER SIMULTANEOUS INJECTION 
OF 101 0001JU dF INSULIN INTRAPERITONEALLY AND 21JC OF u-c
14
-GLUCOSE INTRAVENOUSLY TO 150 G. RATS 
c14 IN FATTY ACID WAS DETERMINED IN SOME OF THE ADIPOSE TISSUE SAMPLES 
Incorporation of c 14 into Glycogen 
Tissues 18 hours fasted rats 
Control 
Diaphragm 390 (12) 
Trapezius 
-Muscle 
Heart 
1, 100 (16) Muscle 
Epididymal 20 (16) 
adipose tissue 
Subcutaneous 
-adipose tissue 
Subscapular 54 (16) 
adipose tissue 
Liver 11 640 (16) 
-··-
~ 
**P less than . 01 
***P less than .001 
I nsu I in 
231 530*(16) 
-
620 ( 16) 
250*(16) 
-
36 (16) 
980 (16) 
Fed rats 
Control I nsu I in 
3,150 (8) 11, o3o115) 
220 (8) 260 (10~) 
. 
11 900 (8) 11 980 (10) 
20 (8) 1r460(io) 
6 (8) 6 ~1 0) 
100 (8) 75 (10) 
*** 600(8) 160 (1 0) 
(Figures in parentheses indicate number of tissue samples) 
Incorporation of C 14 into Fatty Acids 
18 hours fasted rats Fed rats 
Control Insulin Control lnsul in 
- - - -
- - - -
- - - -
] 10 (16) 780*** (16) 23 (8) 450**(1o) 
- - 17 (8) 30 (10) 
- - - -
- - - -
~­
"' 
c 
(I ~ 
Table X 
c14 IN GLYCOGEN OF MUSCLE, FAT AND LIVER SAMPLES 2 HOURS AFTER INTRAVENOUS INJECTION 
OF 10,000!JU OF INSULIN TOGETHER WITH 2!JC OF u-c14-GLUCOSE TO 150 G. RATS 
C 14 IN FATTY ACID WAS DETERMINED IN SOME OF THE ADIPOSE TISSUE SAMPLES 
Incorporation of c 14 into Glycogen 
Tissues 18 hours fasted rats 
T 
Control 
Diaphragm 1 r 950 (8) 
rapezius muscle -
Hind I imb ad-
260(8) ductor muscle 
Heart muscle 490(8) 
Epididymal 
23 (8) :rdipose tissue 
Subcutaneous 
-
:rdipose tissue 
Subscapular 
77(8) :rdipose tissue· 
Liver 1 r 110 (8) 
*P =-.US 
**P less than .01 
***P I ess than . 001 
Insulin 
5,soo110) 
-
160 (1 0) 
1,76o110) 
20 (1 0) 
-
110 (1 0) 
850 ( 8) 
-
Fed rats 
Control Insulin 
2,190 (13) 3,000 (22) 
180 (14) 210 (22) 
- -
900 (14) 1,390(22) 
22 (16) 20 (22) 
20 ( 8) 1512) 
100 (14) 180(20) 
350 (14) 200 (20) 
(Figures in parentheses indicate number of tissue samples) 
Incorporation of c 14 into Fatty Acids 
18 hours fasted rats Fed rats 
Con tro I Insulin Control In suI in 
- - - -
- -
-
-
- - - -
- - - -
44(8) 70 (10) 80 (16) 130 (21) 
- - 50 (16) 50(22) 
- - - -
- - - -
~ 
00 
0 C) 
Table XI 
c
14 IN GLYCOGEN OF MUSCLE, FAT AND LIVER SAMPLES 2 HOURS AFTER INTRAPERITONEAL INJECTION 
OF SALINE WITHOUT OR WITH 10,000!-iU OF INSULIN TO 150 G. RATS ~ 
In these experiments 21-'C of U-c14-glucose in saline was injected intravenously to all animals 
1 hour after the insulin injection, and thus 1 hour before sacrifice. 
C 14 IN FATTY ACID WAS DETERMINED IN SOME OF THE ADIPOSE TISSUE SAMPLES 
Incorporation of c 14 into Glycogen Incorporation of c 14 into Fatty Acids 
Tissues 18 hours fasted rats 
Co ntr·o I Insulin 
Diaphragm 3,220(10) 8/000(8) 
Trapezius muscle 520 (1 0) 800 (8) 
Heart muscle 700 (10) 960 (8) 
Epididymal 
35 (10) 420{8) adipose tissue 
Subcutaneous 
- -adipose tissue 
Subscapular 
92(10) 72(8) adipose tissue 
Liver 2/630 (1 0) 2, 040 (8) 
···-
**P I ess than . 01 
***P less than .001 
Fed rats 
Control lnsul in 
1/580(10) 3/090{l2) 
160(10) 260(12) 
640 (10) 780 (12) 
30 (10) 530(12) 
16 (10) ~0 (12) 
75 (10) 65 (12) 
290 (10) 190 (12) 
(Figures in parentheses indicate number of tissue samples) 
18 hours fasted rats Fed rats 
Control In suI in Control Insulin 
- - - -
- - - -
- - - -
10 (1 0) 560*** (8} 68 (10) 400(12) 
- - 2 (10) 15 ( 12) 
- - - -
- - - -
fo 
(J 
Table XII 
c
14 IN GLYCOGEN OF DIAPHRAGM AND EPIDIDYMAL FAT AND IN FATTY ACID 
IN EPIDIDYMAL FAT AFTER INTRAPERITONEAL INJECTION OF INSULIN OR NORMAL SERUM 
TOGETHER WITH 2flC OF U-c14-GLUCOSE IN FED RATS 
0 
I n c o r p o rat i o n o f C ,-4 i n to G I y c o g e n Incorporation of C r-4 into Fatty Acids 
Tissues 101000fl 1 I OOOfl lOOfl Control U/lns. U/lns. U/lns. 
Diaphragm 868 141754*** 51977*** 835 
,. .. (10) (10) (10) (10) 
Epididymal 45 21202*** 571*** 68 
adipose tissue (10) (10) (10) (10) 
*P = .05 
**P less than .01 
***P I ess than . 001 
(Figures in parentheses indicate number of tissue samples} 
Serum 
1 1495*~ 
( 1 0) 
199** 
(10) 
101000p Control U/lns. 
1 I OOOf.A 
U/lns. 
lOOp 
U/lns. 
0 857*** 307*** 0 
(10) (10) 
Serum 
94*** 
(10) 
<::n-
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This investigation was conducted in order to compare both in vitro and 
. ---
in vivo the differences in rat striated muscle and adipose tissue metabolism as 
influenced by insulin and insulin-like serum factors. For in vitro studies, the 
decrease in medium glucose concentration compared to basal tissue activity was 
used as an assessment of insulin activity, using both epididymal adipose tissue 
and hemidiaphragm from the same rat. In vivo studies compared the incorporation 
of parenterally administered u-c14-glucose into glycogen of striated muscle and 
into glycogen and fatty acids in adipose tissue in presence and absence of insulin. 
It proved of particular interest to compare the influence of intraperitoneally and 
intravenously injected insulin. 
For in vitro experiments rats in groups of 8 were employed from which on~ 
hemidiaphragm and one segment of epididymal adipose tissue was incubated 
with insulin in Krebs Ringer1s bicarbonate buffer or serum diluted with buffer 
1:4, and the identical contralateral tissues were incubated with buffer to serve 
as a control providing base line activity. Both the buffer and the insulin or 
serum incubation media contained equivalent amounts of glucose. After two 
hours of incubation the glucose concentration of the incubation media was 
determined by Somogyi (J. Bioi. Chern. 160:69, 1945)- Nelson (J. Bioi. Chern. 
153:375, 1944) method and the difference between insulin and buffer sides of both 
tissues was compared as glucose uptake per gram wet tissue. The base line activity 
of the diaphragm was approximately 4 to 5 mg per gram wet tissue per two hours 
incubation and was always higher than that of the epididymal adipose tissue which, 
often approaching zero, ranged approximately 1 mg per gram wet tissue per two 
c 
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hours incubation. Incubation with 10001-l units of crystalline zinc beef insulin 
produced a significant effect in both tissues1 but the 5001-1 units concentration1 
under these conditions1 produced a significant effect only in the epididymal 
adipose tissue . 
Using six normal 1 six pre-diabetic1 and six juvenile diabetic sera and 
comparing the increase of glucose uptake over the base line, the response to all 
three serum categories under these conditions was similar in both tissues. The 
per cent increase of glucose uptake over the base line because of the extremely 
low base line activity in ~pididymal adipose tissue was not a suitable index for 
comparison since with a zero base line it would be infinity. 
For in vivo experiments fed and fasted rats in groups of 5 or 6 were 
injected by different routes with insulin and 21-1 curies of U-c14-glucose, and 
2 
the same number of rats injected by the same route with 21-1 curies of U-C 14 -glucose alone 
served as controls. The incorporation of c 14 into glycogen of muscle and into glycogen 
and fatty acids of adipose tissue was compared between the insulin and the control 
groups. 
Intraperitoneal administration of 10,000, 1,000, and 1001-1 units of insulin 
• I I • h c14 I d • d • • f c14 • per rat s1mu taneous y w1t U- -g ucose cause mcrease mcorporahon o m 
both muscle and adipose tissue. The insulin effect was decreasing with decreasing 
insulin dose and in the epididymal adipose tissue with doses of 1,000 and 1001-1 units 
per rat, the effect was seen with certainty only in fed animals. The remarkable 
parallelism which existed between incorporation of c 14 into the glycogen and 
into the fatty acids in epididymal adipose ti.ssue suggested that insulin stimulates 
equally glycogen formation and lipogenesis, and indicated an insulin action on 
glucose transport across the cell membrane, or immediately after the glucose entry 
into the cell. 
Insulin in the small doses administered intraperitoneally exerted only local 
effects manifested by increased incorporation of C 14 into the tissues lining the 
peritoneal cavity such as: diaphragm, epididymal and mesenteric adipose tissue. 
There was no response in the extraperitoneal tissues such as: trapezius muscle, 
hind limb adductor muscle, heart muscle, subcutaneous and subscapular adipose 
tissue. 
The local insulin effect was maintained with proldhged fasting (72 hours), 
with labeled glucose injected intravenously both simultaneously with and one hour 
after intraperitoneal injection of 10,000!J units of insulin. These observations 
supported the view of insulin binding to its responsive tissues (J. Bioi. Chern. 199, 
729, 1952.) • lnsul in binding to the target tissues was also indicated in experiments 
where after simultaneous intraperitoneal injection of 10, OOO!J units of insulin and 
2!J curies of U-C 14 -glucose rats were sacrificed and tissue samples excised at 30, 
90, and 150 minutes. The persishmce of an insulin effect when U-C 14-glucose was 
injected intravenously one hour after the intraperitoneal administration of insulin, 
indicated the continuation of insulin binding or insulin effectiveness over at least 
one hour. 
The diaphragm seemed most responsive in fasted rats while the epididymal 
adipose tissue was most responsive in fed rats. The increased response in fasted · 
diaphragm could be questioned on grounds of smaller endogenous glucose pooL for 
dilution of the injected labeled glucose. In adipose tissue, the~ffect could not 
3 
Q 
0 
be disputed1 since the pool size in the fed state would be expected to be larger. 
In the fasted state in an active muscle like diaphragm1 insulin may respond to 
increased demand for glucose. In adipose tissue1 after the requirements in the 
active muscle are met1 in fed animals1 insulin may respond to enhance fat storage. 
Insulin injected intravenously (101 000f-1 units per rat) showed more wide-
spread effects and preference for actively contracting muscles as diaphragm and 
heart muscle over the less active thigh muscles and trapezius muscles. There was 
no effect in epididymal and subcutaneous adipose tissue and the I iver showed 
decreased incorporation of C 14 into glycogen of the insulin-injected rats as 
compared with the control group. 
These findings suggest that it is quite possible for working muscle with 
its rich blood supply1 providing insulin tissue contact1 to bind more insulin than 
for the resting muscle. The decreased incorporation of c14 in the liver of the 
insulin injected rats could be explained on the basis of the spedific activity of 
blood glucose being decreased in the presence of insulin and the injected u-c14-
glucose being shunted to the more insulin sensitive tissues1 such as the working 
muscle. 
On the basis of these in vitro and in vivo experiments1 it can be concluded 
that both rat diaphragm and epididymal adipose tissue .are very insulin sensitive 
and therefore very suitable tissues for insulin bioassays. Although in the in vitro 
experiments the diaphragm appeared less responsive than the epididymal adipose 
4 
tissue
1 
in the in vivo experiments however1 it was equally responsive if not more so. 
0 
. The selectively different responsiveness of diaphragm and epididymal 
adipose tissue in fed and fasted animals in the in vivo preparation, suggested 
its profitable application for more complete review of the physiologic factors 
affecting the response of muscle and adipose tissue, and for investigation of 
insulin binding to its target tissues. 
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